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Clinicians often monitor changes in biologic risk factors over a period of years but, in contrast to the large number of studies documenting independent associations between baseline obesity (1) (2) (3) (4) (5) , high blood pressure (6) (7) (8) , and low high density lipoprotein cholesterol (HDL cholesterol) (4, 5, 9) and risk of type 2 diabetes, little is known about how sequential changes may be related to future risk. A few studies have reported that changes in weight (10, 11) , waist circumference (10, 12, 13) , blood pressure (6, 14) , and HDL cholesterol (14) are positively associated with diabetes. However, these studies assessed associations with adjustment for initial risk factor levels only. It was suggested earlier that this approach does not examine the true independent effects of changes on disease risk (15) and that the observations may reflect the effects of attained levels. Indeed, we recently showed that weight change was no longer associated with diabetes when we adjusted for attained body mass index (16) . This implies that weight change has no effect on diabetes risk beyond its effect on attained levels. The purpose of the present study was to extend these findings to other biologic risk factors in the same population-based study. We examined whether associations between changes in waist circumference, blood pressure, and HDL cholesterol and incidence of type 2 diabetes are driven by the initial or attained risk factor levels.
MATERIALS AND METHODS

Population and measurements
Details of the Doetinchem Cohort Study have been described elsewhere (17) . In brief, the Doetinchem Cohort Study is a prospective study with 4 measurement rounds (at 5-year intervals) that included a general population sample of 7,769 men and women aged 20-59 years during the first examination round designated "R1" (1987) (1988) (1989) (1990) (1991) . Second (R2: 1993-1997), third (R3: 1998-2002), and fourth (R4: 2003-2007) examination rounds have been completed. In each round, height and weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), and nonfasting HDL cholesterol were measured. Furthermore, waist circumference and random glucose were measured from R2 onward. In each round, a questionnaire was administered on demographics (e.g., age, education), lifestyle factors (e.g., smoking, physical activity), presence of chronic diseases, and medication use. Incident diabetes was defined on the basis of self-report or a nonfasting blood glucose concentration of 11.1 mmol/L or more. Information on vital status was obtained through linkage with the municipal administration registries. For the present study, a total of 4,661 people who participated for a minimum of 3 examination rounds were eligible. Persons with prevalent diabetes at R1 (n = 28), type 1 diabetes (n = 5), or cancer (n = 325) or with missing data about development of diabetes (n = 10) or the determinants waist circumference, blood pressure, and HDL cholesterol (n = 43) were excluded.
Statistical analyses
In contrast to our previous paper (16) , time-dependent Cox regression models were used to study whether associations between changes in biologic risk factors and diabetes risk are driven by initial or attained risk factor levels ( Figure 1 ). For this purpose, changes between R1 and R2, initial levels at R1, and attained levels at R2 were used to estimate the risk for incident diabetes between R2 and R3. Changes between R2 and R3, initial levels at R2, and attained levels at R3 were used to estimate the risk for incident diabetes between R3 and R4. As waist circumference was measured from R2 onward, changes between R2 and R3 could be related to incident diabetes only between R3 and R4. Changes were calculated between R1 and R2 and between R2 and R3 and were included as time-dependent variables in the Cox regression analyses. The resulting hazard ratios can be interpreted as the risk of 5-year changes in risk factors for the development of diabetes in the following 5 years. Diabetes risk was determined per increment of 5 cm in waist circumference, 10 mm Hg in SBP, and 5 mm Hg in DBP and per decrements of 0.1 mmol/L in HDL cholesterol.
In the analyses of changes between R1 and R2, the period at risk for diabetes began at R2. Likewise, in the analyses of changes between R2 and R3, the period at risk for diabetes began at R3. Participants with a diagnosis of diabetes during follow-up were censored at the date of diagnosis or at the date of the physical examination during which a high blood glucose concentration was measured. All others were followed until the date of death or the date of the last physical examination they attended. Persons with incident type 2 diabetes between R1 and R2 (n = 46) were excluded for the analyses of diabetes incidence between R2 and R3. Likewise, in Cox regression, those who developed diabetes between R2 and R3 (n = 62) were censored from the data set for the analyses of diabetes incidence between R3 and R4.
We first present the hazard ratios for the change in each of the biologic risk factors adjusted for age and sex (model 1). Model 2 includes additional adjustment for the initial or attained values. Multivariable model 3 additionally included highest educational level (3 categories) and time-dependent body mass index (continuous), smoking status (3 categories), alcohol intake (4 categories), physical activity (dichotomous), parental history of diabetes (dichotomous), and antihypertensive and cholesterol-lowering medications (dichotomous).
The presence of effect modification between initial values of biologic risk factors and mean changes from R1 to R2 and from R2 to R3 was tested by incorporating their product terms in the models. All analyses were performed by using SAS, version 9.1, statistical software (SAS Institute, Inc., Cary, North Carolina). Table 1 presents the baseline characteristics of the study population. During the follow-up (mean follow-up, 9.2 years), 130 cases of incident diabetes occurred (62 between R2 and R3 and 68 between R3 and R4). Persons with incident diabetes had a statistically significant greater increase in SBP and a lower increase in HDL cholesterol compared with those without diabetes (Appendix Table 1 ). Changes in biologic risk factors were moderately correlated with initial levels (range of Pearson's correlation coefficients: from −0.06 (HDL cholesterol) to −0.47 (DBP)) and attained levels (range of correlation coefficients: from 0.34 (HDL cholesterol) to 0.55 (SBP)) (Appendix Table 2 ).
RESULTS
After adjustment for age and sex, 5-year increases in waist circumference and blood pressure and decreases in HDL cholesterol were all generally positively associated with diabetes risk and statistically significantly so for SBP ( Table 3 , model 3, shows that changes in biologic risk factors were no longer associated with diabetes after adjustment for attained biologic risk factor levels and confounders-waist circumference (HR = 0.86, 95% CI: 0.69, 1.07), SBP (HR = 0.96, 95% CI: 0.84, 1.10), DBP (HR = 0.96, 95% CI: 0.87, 1.06), and HDL cholesterol (HR = 0.91, 95% CI: 0.81, 1.01). Similar results were obtained with the analysis of longer term (R1-R3) changes (data not shown). There was no evidence of effect modification between initial levels and change in risk factors, as no statistically significant interaction terms were observed (data not shown).
DISCUSSION
We previously reported that weight change has no effect on diabetes risk beyond its effect on attained body mass index (16) . In the present study, we extended these findings to other risk factors. We showed that 5-year increases (waist circumference and blood pressure) and decreases (HDL cholesterol) in biologic risk factors were positively associated with risk of diabetes after adjustment for initial levels, but no longer after adjustment for attained levels. Considered together, these findings imply that the associations between changes in biologic risk factors and risk of diabetes seem to be mainly driven by the attained levels. Thus, given an Abbreviations: CI, confidence interval; HDL cholesterol, high density lipoprotein cholesterol; HR, hazard ratio. a Model 1 = age at baseline (continuous) and sex (men, women); model 2 = model 1 adjusted for initial levels of risk factors; model 3 = model 2 and adjustment for highest level of completed education (low, medium, high) and time-dependent body mass index (continuous), smoking status (never, past, current), alcohol intake (none, light, moderate, heavy), physically active (yes, no), parental history of diabetes (yes, no), antihypertensive medication (yes, no), and cholesterol-lowering medication (yes, no). individual's attained level of waist circumference, blood pressure, or HDL cholesterol, the changes over the previous 5 years do not seem to affect the subsequent risk of diabetes.
The main advantages of this study are its prospective nature, large sample size, and the availability of repeated measurements of risk factors. A limitation is the relatively small number of diabetes cases, which may have affected the statistical power to detect associations after adjustment for attained values. Furthermore, we identified cases on the basis of self-reported diabetes, and we may have missed persons with undiagnosed diabetes. This potential misclassification could have caused underestimation of the associations found. Moreover, we measured random glucose levels rather than fasting glucose levels, and we did this only once. In order to diagnose diabetes, 2 measurements of glucose are recommended. However, our validation study indicated that self-reported diabetes appeared to be accurate (18) , and our results were essentially similar when the analyses were based on confirmed diabetes cases only.
In the present study, we explored the impact of changes in biologic risk factors on diabetes incidence from 2 different points of view. We first assessed the effects of changes conditional upon initial levels and showed that future biologic risk factor changes increased the risk of diabetes. These findings are in line with those from other studies (6, 10, (12) (13) (14) , and they highlight the importance of preventing biologic risk factors from rising. However, because changes determine subsequent attained levels, the potential effects of attained biologic risk factor values and changes cannot be separated in this analysis.
We therefore subsequently assessed the effects of changes conditional upon attained levels and showed that previous changes in biologic risk factors were not associated with subsequent diabetes risk (15) . Together with our results from the analyses after adjustment for initial levels, our results imply that changes in biologic risk factors appear to have no effect on risk of diabetes beyond their effect on attained levels. Hence, given an individual's attained level of waist circumference, blood pressure, or HDL cholesterol, the changes over the previous 5 years do not seem to affect the subsequent risk of diabetes. Similar results were observed in a study on the development of end-stage renal disease in which changes in the albumin/ creatinine ratio added minimal predictive value beyond the latest measurement of this ratio in the series (the attained level) (19) . These findings suggest that decisions concerning the treatment of an adverse risk profile might be best guided by the attained levels and not by its trends in the past.
The adjustment for baseline levels (independent variable X) in the analyses of change (dependent variable Y) is a much debated topic (20, 21) , because of the various types of bias it may introduce. However, because the changes were the central determinants, rather than the dependent variables, these biases are unlikely to be present. With the adjustment for initial values, a certain degree of multicollinearity may have been introduced, because of the moderate correlation between initial values and changes. However, this multicollinearity might be small compared with the multicollinearity in models including highly correlated variables.
In conclusion, in this population-based longitudinal study, 5-year changes in biologic risk factors were associated with diabetes incidence after adjustment for initial levels, but no longer after adjustment for attained levels. The associations between changes in biologic risk factors and risk of diabetes are therefore likely to be driven mainly by the attained levels. Hence, not the prior changes, but the attained levels seem to be of importance with regard to the risk of diabetes. 
